Introduction {#section3-2055116916668200}
============

A monoclonal gammopathy is identified by the presence of a narrow spike both in the beta (β) region and gamma (γ) region on serum protein electrophoresis. Clonal immunoglobulins are produced by a single B-lymphocyte clone, which yields an excessive amount of immunoglobulins or subunits thereof, such as kappa (κ) or lambda (λ) light chains and heavy chains.^[@bibr1-2055116916668200]^ Tumours support a complex microenvironment characterised by many immune cell populations, reflecting the capacity of the immune system to interact with tumour cells.^[@bibr2-2055116916668200]^ In human lung cancers, tumour-infiltrating lymphocytes (TILs) are positively correlated with a pathological complete response rate and increased patient survival.^[@bibr2-2055116916668200],[@bibr3-2055116916668200]^ TILs may be classed as tertiary lymphoid structures (TLS) recently identified in human solid-organ tumours, including lung-cell carcinomas.^[@bibr2-2055116916668200],[@bibr3-2055116916668200]^ Primary lung tumours are rare in cats and represent a sporadic geriatric disease with a mean age of onset of 12 years, an incidence of 2.2 per 100,000 cats^[@bibr4-2055116916668200]^ and an overall prevalence of less than 0.5%.^[@bibr5-2055116916668200]^ In cats, the most commonly recognised primary lung tumours are adenocarcinomas.^[@bibr6-2055116916668200]^

We describe a case of primary bronchial carcinoma in a cat associated with bone marrow suppression and a paraneoplastic monoclonal gammopathy.

Case description {#section4-2055116916668200}
================

An 8-year-old, female, neutered, domestic shorthair cat was admitted for appetite loss, dysphagia, weight loss, lethargy and coughing. Its body condition was 2/9 on the World Small Animal Veterinary Association score (Global Nutrition Committee). Clinical examination revealed dyspnoea and a non-productive cough. No other abnormalities were detected on physical examination.

Complete blood count values were within reference intervals (RIs). Biochemistry revealed hyperproteinaemia (10.4 g/dl; RI: 6--8 g/dl) and hypoalbuminaemia (2.2 g/dl; RI: 2.5--3.9 g/dl). The serum ionised calcium concentration was normal (1.21 mmol/l; RI: 1.18--1.34). The serum protein electrophoresis revealed a narrow spike in the γ region (5.6 g/dl; RI: 1.2--3.2 g/dl) ([Figure 1](#fig1-2055116916668200){ref-type="fig"}). Serological testing for feline coronavirus antibodies based on indirect immunofluorescence was negative. Urinalysis (urine specific gravity, urinary dipstick and urinary sediment examination) revealed no abnormalities. Urine protein electrophoresis was not significant, with a urinary protein: creatinine ratio of 0.2. Three-view thoracic radiographs showed a solitary circumscribed mass associated with lobar consolidation in the right caudal lobe, as well as pleural effusion and megaesophagus ([Figure 2a](#fig2-2055116916668200){ref-type="fig"},[b](#fig2-2055116916668200){ref-type="fig"}). Cytological examination of a lung mass sample obtained by ultrasound-guided fine-needle aspirate biopsy was not conclusive, showing only a few cells exhibiting epithelial morphology. Ultrasound-guided tissue core biopsies were obtained under sedation using an 18 G Tru-Cut needle. Histopathology findings were consistent with bronchial carcinoma. The fibrovascular stroma of the epithelial proliferation appeared heavily infiltrated with lymphocytes and plasma cells ([Figure 3](#fig3-2055116916668200){ref-type="fig"}). Abdominal ultrasonography showed no abnormalities. A bone marrow aspirate from the right wing of the ilium was obtained, under sedation, using a Mallarmé trocar. Bone marrow cytology indicated a normal myeloid:erythroid ratio associated with infiltration of numerous clustered epithelial cells. The epithelial cells showed a high N/C ratio, fine chromatin and a stripped cytoplasm with a foamy vacuolated background ([Figure 4](#fig4-2055116916668200){ref-type="fig"}).

Based on these findings, a diagnosis was made of bronchial carcinoma associated with bone marrow metastases and paraneoplastic monoclonal gammopathy. Pneumonectomy and adjuvant chemotherapy was declined by the owner and palliative treatment with long-acting injectable glucocorticoid (Depo-Medrol; Zoetis, 1 mg/kg SC) was administered. The cat was euthanased 2 months later owing to anorexia and poor general condition.

![Protein electrophoresis of serum indicating a narrow spike in the gamma (γ) region](10.1177_2055116916668200-fig1){#fig1-2055116916668200}

![Thoracic radiographs. (a) Right (R) lateral recumbent thoracic radiograph showing a solitary circumscribed mass associated with lobar consolidation and pleural effusion. Megaesophagus secondary to aerophagia is also present. (b) The same circumscribed mass in the right caudal lobe of the examined cat](10.1177_2055116916668200-fig2){#fig2-2055116916668200}

![Formalin-fixed, paraffin-embedded tissue section of lung mass. The original architecture of the organ has disappeared and has been replaced by a cell proliferation consisting of tubular and tubular--alveolar structures, lined by a thick wall of cuboidal cells, with a clear cytoplasm and a hyperchromatic nucleus. These structures are separated by a fibrovascular stroma heavily infiltrated with lymphocytes and plasma cells. *Courtesy of LAPV Amboise, France*](10.1177_2055116916668200-fig3){#fig3-2055116916668200}

![Bone marrow aspirate (stained with Diff-Quik). Cohesive cluster of pleomorphic neoplastic epithelial cells (X 100). The neoplastic cells have a high N/C ratio, fine chromatin, nucleoli and a stripped cytoplasm with a foamy vacuolated background](10.1177_2055116916668200-fig4){#fig4-2055116916668200}

Discussion {#section5-2055116916668200}
==========

The primary purpose of this clinical case is to report bone marrow metastasis related to bronchial carcinoma in a cat. In a retrospective study of 39 spontaneous feline pulmonary carcinomas,^[@bibr7-2055116916668200]^ 31 cases (80%) were associated with metastasis. The most frequent sites of metastasis were the lung itself (intrapulmonary metastasis: 66.7%), the pleura (carcinomatosis: 38.5%), regional lymph nodes (33.3%), digits (18.0%) and distant visceral organs, including the liver, kidney and skeletal muscle.

In human medicine, lung cancers frequently metastasise to bone, with 22--60% of human patients showing bone marrow micrometastases.^[@bibr8-2055116916668200]^ Bone marrow micrometastases from canine and feline carcinomas have been demonstrated in one prospective study.^[@bibr9-2055116916668200]^ In 30 dogs and four cats with various types of carcinoma, bone marrow micrometastases were found in two dogs with advanced disease. As bone marrow cytology is not included in routine staging in veterinary patients with epithelial tumours,^[@bibr9-2055116916668200]^ the prevalence of carcinomatous metastases in bone marrow may be underestimated in veterinary medicine. In human patients, bone is among the most common sites of cancer metastases,^[@bibr10-2055116916668200]^ and disseminated tumour cells (DTCs) in the form of neoplastic cells in bone marrow have been reported as a negative prognostic indicator in bladder, colorectal (metastatic and non-metastatic) and prostate cancer, and in non-small cell lung cancer and small cell lung cancer in people.^[@bibr9-2055116916668200]^ Bone metastases may arise through interaction between tumour cells and bone marrow-derived mesenchymal cells, or they may result from the direct production by tumour cells of hormones and growth factors, such as parathyroid hormone-related peptides (PTHrP), granulocyte macrophage colony stimulatory factor, interleukin (IL)-1, IL-6 and macrophage inflammatory protein-1a.^[@bibr8-2055116916668200],[@bibr10-2055116916668200]^

IL-6 is a pleiotropic cytokine, originally cloned as a B-cell stimulatory factor, that is overexpressed in response to injury, inflammation and infection.^[@bibr10-2055116916668200]^ The role of IL-6 in cancer is complex, and autocrine and paracrine mechanisms are involved. This cytokine has multiple effects on tumour progression; some are the result of its direct action on tumour cells while others are the result of its activity on normal cells in the tumour microenvironment, in particular osteoblasts, osteoclasts, endothelial cells and immune cells.^[@bibr10-2055116916668200]^ Many tumour cells produce large amounts of IL-6 and express its receptor, which allows them to respond to IL-6 stimulation in an autocrine manner.^[@bibr10-2055116916668200]^ In the case of lung tumours, IL-6 is able to stimulate tumour cell proliferation, migration and invasion of distant organs.^[@bibr8-2055116916668200]^

In human medicine, several studies have shown that DTCs originate from primary tumours, including primary lung carcinomas, and that they can remain in a quiescent state in patients' bone marrow for years, particularly if localised in the haematopoietic stem cell (HSC) niche, which expresses adhesion molecules and secretes factors contributing to tumour cell dormancy. In this way, the HSC niche attracts, protects and induces dormancy of DTCs, which may be released from quiescence and grow as a consequence of a stimulatory microenvironment such as that found in bone.^[@bibr8-2055116916668200]^

IL-6 has a direct stimulatory effect on the growth of tumour cells in bone marrow through the activation of several signalling pathways. It stimulates tumour cell proliferation and it may induce bone resorption or formation, depending on the interaction with other factors such as PTHrP and IL-1.^[@bibr8-2055116916668200],[@bibr10-2055116916668200]^ Thus, DTCs may lie dormant in bone marrow for long periods before being activated to form metastases.^[@bibr8-2055116916668200]^

Whereas cytological evaluation of bone marrow in our cat was performed in order to investigate monoclonal gammopathy, the evidence of disseminated carcinomatous cells suggests that bone marrow evaluation should be considered during the staging of cats with carcinoma, particularly given the paucity of data regarding metastasis of epithelial tumours to bone marrow in feline patients. Indeed, despite complete surgical resection, treatment failure frequently occurs owing to undiagnosed metastasis of epithelial tumours at an early stage of the disease.^[@bibr9-2055116916668200]^ Standard staging of epithelial cancer in human patients is currently performed by bone marrow evaluation, using routine cytology, immunocytochemistry with anti-cytokeratin antibodies and molecular techniques involving reverse transcriptase PCR.^[@bibr8-2055116916668200]^ In veterinary medicine, while routine cytology remains the standard method for investigation of bone marrow micrometastases in cats, cell-block cytology has also been described,^[@bibr9-2055116916668200]^ and this approach allows analysis using immunocytochemistry, which may be helpful for prognosis and treatment recommendations.

The second aim of this clinical case is to report monoclonal gammopathy associated with bronchial carcinoma in a cat. Recognised immunoglobulin-producing tumours in cats include multiple myeloma, extramedullary plasmacytoma and lymphoma.^[@bibr11-2055116916668200]^ Non-neoplastic diseases, such as feline infectious peritonitis, ehrlichiosis, anaplasmosis, leishmaniosis, amyloidosis and lymphoplasmacytic stomatitis, have also occasionally been reported in cats in association with monoclonal gammopathy.^[@bibr11-2055116916668200]^ In dogs, monoclonal gammopathy is also associated with Waldenström macroglobulinaemia, chronic lymphocytic leukaemia, plasmocytic leukaemia and acute lymphoblastic leukaemia.^[@bibr12-2055116916668200],[@bibr13-2055116916668200]^ Furthermore, monoclonal gammopathy in dogs has been related to various infectious and inflammatory conditions, including chronic pyodermitis and plasmacytic gastroenterocolitis.^[@bibr1-2055116916668200]^ Finally, in the absence of known causes of gammopathy in dogs, a diagnosis of monoclonal gammopathy of undetermined significance should also to be considered. However, this disease is rare in veterinary medicine, with only two reported cases.^[@bibr14-2055116916668200],[@bibr15-2055116916668200]^

In our cat, while a diagnosis of a concomitant infectious disease was not completely ruled out, these differential diagnoses were not very plausible. A retrospective study of SPE in 155 cats reported the presence of a narrow monoclonal peak for γ globulins associated with pulmonary carcinoma in one cat.^[@bibr11-2055116916668200]^ In human patients, a narrow band is occasionally detected on SPE in association with malignant neoplasms of epithelial cell origin,^[@bibr16-2055116916668200]^ and high serum globulin values are statistically correlated with better median survival in small cell lung cancer.^[@bibr17-2055116916668200]^ Our case resembles a human case reported in 1967 in which a man with bronchogenic carcinoma and negative for Bence Jones proteinuria had a narrow peak in the γ globulin zone.^[@bibr16-2055116916668200]^ The pathophysiological origin of this monoclonal gammopathy could be an antibody response to tumour antigens mounted by plasma cell infiltrate, as classically described in the stroma of slow-growing tumours. Alternatively, it could be the result of a stimulated B-cell clone that has escaped normal control mechanisms.^[@bibr18-2055116916668200]^

Histological examination of the pulmonary mass in this case revealed the presence of TILs in the stroma of the tissue forming TLS. The histological appearance closely resembled B-cell organisation described in human non-small cell lung carcinomas.^[@bibr2-2055116916668200]^ TLS are ectopic lymph node-like structures characterised by lymphoid aggregates with high endothelial venules.^[@bibr19-2055116916668200]^ Tumour-infiltrating B cells may organise into functional lymphoid structures as a consequence of B-cell activation. Furthermore, *ex vivo* tumour-infiltrating B-cell cultures may also be capable of producing high levels of IgG and IgA,^[@bibr2-2055116916668200]^ and raised IgG has been reported in 77% of non-lymphoproliferative cancers in human patients.^[@bibr20-2055116916668200]^ While the qualitative analysis of immunoglobulins (IgA, IgG, IgM, IgD) and their κ and λ subunits by immunofixation of serum in agar gel was not performed, the presence of a narrow spike in the γ region on SPE is suggestive of monoclonal immunoglobulin production, particularly of IgG.^[@bibr11-2055116916668200]^ Thus, we suspect that immunoglobulin secretion by B-cell TILs generated the observed paraneoplastic monoclonal gammopathy.

Interestingly, IL-6 is also a B-cell stimulatory factor.^[@bibr21-2055116916668200]^ It plays a key role in B-cell differentiation and acts upon activated and proliferating B cells.^[@bibr22-2055116916668200]^ We thus hypothesise that IL-6 may have played a dual role in the cat we examined: first by supporting the dissemination of micrometastases in bone marrow and, second, by participating in the loop maintenance of B-cell clone activation, resulting in the production of monoclonal immunoglobulins. However, the serum concentration of IL-6 was not measured in our cat and its involvement in tumour progression was consequently not confirmed.

Conclusions {#section6-2055116916668200}
===========

We report a case of primary bronchial carcinoma associated with bone marrow micrometastasis and monoclonal gammopathy in a cat. To the best of our knowledge, this is the first report of this metastatic pattern and paraneoplastic manifestation of feline bronchial carcinoma.
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